The objective of this study was to localize QTL affecting meat quality in a pig family of three generations. All animals were genotyped for twenty-four microsatellites on SSC3 (Sus scrofa chromosome 3), SSC4 and SSC7. One hundred and forty F 2 offsprings were scored for eleven meat quality traits. Least square regression interval mapping revealed quantitative trait loci (QTL) effect for meat pH (m. Semipinalis Capitis, SC) on SSC4 and SSC7; for moisture (m. Longissimus Dorsi, LD) on SSC3. Furthermore, there was suggestive evidence for a QTL on SSC4 affecting intramuscular fat (IMF) content that nearly approached the chromosomewise (p=0.05) significance threshold. (Asian-Aust.
INTRODUCTION
For the last years, meat quality traits have increasingly attached more attention in pig breeding because selection for high growth rate and lean meat deposition resulted in reduction of meat quality. Marker assisted selection has been suggested as a promising strategy for genetic improvement of such recording intensive traits (Meuwissen and Goddard, 1996) , and much focus is now on mapping individual loci controlling these traits. Genome scans using anonymous molecular markers, especially, microsatellites, serve as an important tool for mapping QTL. In swine, a number of studies have been conducted to detect QTL for meat quality (Andersson-Eklund et al., 1998; Milan et al., 1998; Wang et al., 1998; Moser et al., 1998; Olivo et al., 2000; De Koning et al., 1999 , 2000a , 2000b Malek et al., 2001) .
In this study, a search for QTL affecting meat quality traits on SSC3, SSC4 and SSC7 was conducted to identify and map QTL in our resource family.
MATERIALS AND METHODS

Animals and traits
The pig reference family used in this study was established by mating three Large White boars to seven Meishan sows. Five males and twenty-three females in the F 1 generation were selected for intercrossing randomly. One hundred and forty F 2 individuals were slaughtered for testing. Eleven meat quality traits were recorded according to the method of Xiong and Deng (1999) (Table 1) . For each trait, One hundred and forty phenotypic records were available. All animals in the experiment were halothane tested. Of all animals, thirteen animals including one LargeWhite boar, two F 1 boars and ten F 2 individuals were carrier of halothane negative.
Microsatellite amplication and genotyping
Twenty-four microsatellites on SSC3, SSC4, and SSC7 were selected from the USDA-MARC Genome Database based on position, ease of scoring, and number of alleles. PCR of microsatellites were carried out on PE intergrated thermalcycler. The reaction volume of each PCR was 20 µl containing 200 ng genomic DNA, 1×PCR buffer, 1.5 mM MgCL 2 , 200 µmol/l dNTP, 5 pm of each primer, and 1 U Taq DNA polymerase (Biostar International Canada). The thermocycling conditions were: pre-denaturation for 10 min at 95°C, followed by 35 cycles of reaction at a fixed annealing temperature, and ending at 72°C for extension. Each pooled sample representing 8 µl of PCR product and 2 µl of internal size standard-formamide mixture were loaded upon electrophoresis on 8% polyacrylamide gels and fragment markers were determined after sliver-staining.
Linkage analysis
Linkage analysis was performed by using the CRIMAP version 2.4 (Green et al., 1990) .
Statistical methods
QTL analysis at chromosome-wise level was carried out on the Internet (http://qtl.cap.ed.ac.uk). The QTL analysis was based on the line-cross concept (Haley et al., 1994 Where Y was the observations; was the mean; Sex, family, Hal was the fixed effect of traits; age at slaughter was the covariance of traits; C a , C d were the coefficients for the additive and dominance component for individual i at the given location; a, d was the additive and dominance effect of a putative locus at the given position; the additive QTL effect was defined as half the phenotypic difference between homozygous pigs for the QTL alleles originating from the Meishan and the LargeWhite lines, the dominant effects were estimated as the deviation of heterozygous pigs from the mean of the homozygous pigs. In this study, the additive effects were estimated for LargeWhite QTL allele, thus, positive values of the additive effects denote an increase of the trait due to the LargeWhite QTL allele; e was the residual error. Additionally, the additive fraction of F 2 phenotypic variation ( y 2 ) explained by a QTL was computed as h 2 Q =a 2 /2 y 2 (Olivo et al., 2000) .
RESULTS AND DISCUSSION
Linkage analysis
Marker mapping results are presented by chromosome in Table 2 . PCR amplified fragments of 24 microsatellites mostly fell in the corresponding sizes range in the USDA database. In all cases but one, map order of the markers was the same as that in the USDA map. The exception was a switch in order for SSC4 between SW841 and SW270. Map lengths for these chromosomes were considerably longer in the present study. This difference between the maps may be a result of unorganized typing errors which are known to increase map lengths (Marklund et al., 1996) , as well as different reference population used.
QTL analysis
In the present study, the population including 140 F 2 offsprings was subjected to QTL analysis for eleven meat quality traits. In all, three QTLs covering SSC3, SSC4, SSC7 respectively, were detected at 5% chromosome-wise level, of which one were significant at the 1% chromosomewise level, and on SSC4, one QTL which had an nearly significant effect on IMF were detected (Table 3 ). The QTL graphs for chromosomes with evidence for QTL at the 5% or 1% chromosome-wise level are presented in Figure 1 .
The most convincing result in the analysis was evidence for a QTL affecting moisture on SSC3, for which the chromosome significant level of 0.01 was obtained ( Figure  1A ), the highest probability of QTL position was found between markers SWR1637 and SW1443. In general, only QTL with fairly large effects were expected to reach statistic significance, but the additive fraction of phenotype variation was only 0.11%. It might be spurious or the estimation of additive effects biased lower. This QTL seemed to be significantly dominantiaction, because the estimation of dominant effect was considerably larger than that of additive effect (Table 3) . So far, there were no reports about QTL affecting moisture on SSC3.
Ultimate pH of pork is the most commonly used trait to assess pork quality. It is correlated with the quality traits of colour, drip loss, and water-holding capacity. A higher level of acidity within the muscle (lower pH) causes muscle protein to denature and lose their ability to hold water. Therefore, meat with higher pH will tend to have more desirable characteristics (Malek et al., 2001 ). In our resource population, we detected two QTL controlling pH (SC) on SSC4 and SSC7. The largest F-value was estimated at 102cM (SW270-SW841) on SSC4 and 20cM (SW1343-SW2155) on SSC7, respectively ( Figure 1C; 1D) . This marker region represents the most possible location for QTL. These two QTL explained 22.84% of total variance altogether. Allele came from LargeWhite breed were associated with lower pH value, which is in agreement with expectation based on breed observations. De Koning et al. (2000a, 200b ) also found QTL affecting pH on SSC4, but no evidence about QTL on SSC7 was detected. Intramuscular fat (IMF) content is a major determinant of meat quality. After the elimination of the halothane genes, the next limiting factor for meat quality would be IMF (Webb, 1998) . At present, IMF has been the major focus of QTL mapping for meat quality traits. For IMF, the most probable position of a QTL on SSC4 was found around 71cM ( Figure 1B) . However, this test statistic did not exceed chromosome-wise significance level. Although this QTL did not significantly contribute to the variation in IMF content in this population, the effect of this locus was still considerable. This QTL can explain 5.1% fraction of phenotype variation. Individuals homozygous for the Meishan alleles had an average 0.38% more IMF content than those homozygous for Largewhite alleles, and Meishan alleles were causing a increase in IMF content. It is currently observed that IMF content is positively correlated with subcutaneous fatness. Many experiments have succeeded in identifying chromosome regions associated with backfat thickness (BFT) (Wu et al., 2001 (Wu et al., , 2002 . In the same studies, chromosome-wise evidence for QTL affecting BFT was found around 53cM, close to marker SW752 (Zuo et al., 2003) . It is likely that the QTL affecting BFT and IMF are the same gene, as they are located close together in the chromosome. However, owing to the low precision of the mapping of this QTL, it is difficult to decide whether there is only one QTL with pleiotropic effects or several linked QTL. This QTL was localised to the region where adipocyte fatty acid-binding protein (A-FABP) were previously located. The porcine A-FABP gene was located between S0001 and S0073 that have been assigned to SSC4p12-13 (Marklund et al., 1993) and SSC4q15-16 (Robic et al., 1996) . Functionally, FABP are intracellular proteins that transport fatty acid from the cell membrane to sites of fatty acid oxidation or phospholipid or triacylglycerol synthesis. De Koning et al. (1999) reported the suggestive QTL for IMF in the S0001-S0073 interval. In The data in brackets were cited from the USDA database (http://sol.marc.usda.gov/genome/swine/swine.htm). addition, Rattink et al. (2000) also found a QTL for IMF at the same region, with additional A-FABP typed in this part of the chromosome. Gerbens et al. (1998) reported that A-FABP was showed to be associated with IMF content, BFT, and growth in Duroc population, but no evidence was found for an effect of A-FABP gene on IMF or BFT in the later studies (Gerbens et al., 2000) . Further studies are needed to determine whether the observed effects are due to the A-FABP genes or closely linked genes in our resource population.
As for other meat quality traits, Wang et al. (1998) reported suggestive QTL affecting meat colour on SSC4 and SSC7. De Koning et al. (2000a Koning et al. ( , 2000b detected QTL for drip loss with maternal imprinted effects on SSC4. We are not able to confirm the QTL by Wang et al. (1998 ) and De Koning et al. (2000a , 2000b . Moreover, in order to test whether there could be more than a single QTL on a chromosome affecting the trait of interest, a grid search was used with two QTL fitted at all possible combination of 5 cM intervals on chromosome. No evidence for two QTL was found for any trait. 
